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Summary 
The structure of the cycle-metalladisiloxane, MeZSiOSiMeJr(H)(CO)(PPh,),, 
has been determined by single crystal X-ray diffraction using MO-K, radiation_ 
Data were collected to 28 = 45” giving 6060 unique reflections, of which 
4582 had 12 30(I). The latter were used in the full-matrix refinement. Crys- 
tallographic data: space group, Pi; cell constants: 12.604(7), 12.470(4), 
15.82x(6) a, 66.93(6)“, 105.34(7)“, 112.41(8)“; V 2095(3) A3; p(obs) 1.45 
g/cm3; p(calc) 1.46 g/cm3 (2 = 2). The asymmetric unit consists of one iridium 
complex and one molecule of ethanol of salvation. The structure was solved 
by standard heavy atom methods and refined with all non-hydrogen atoms 
anisotropic to final R factors, R1 0.034 and R2 0.042. The iridium metallo- 
cycle has approximate C, symmetry with the mirror plane passing through the 
four-membered IrSiOSi ring. The average Ir--P, Tr-Si and Si--O bond lengths 
are 2.38, 2.41, and 1.68 a, respectively. The h--CO and C-O bond lengths 
are l-903(8) and 1,133(8). The H atom bonded to Ir was not located. The 
Ir atom is raised out of the basal, P2Si2 pIane toward the carbonyl by about 
0.26 a. The most striking feature of the structure is the strain apparenz in the 
four-membered ring. The internal angles are: 64.7 (Si-Ir-Si), 96.8 (Ir-Si-O), 
97.8 (Ir--Si-O), and 99.8 (Si-O-Si). In an unstrained molecule, the Si-O-Si 
angle is normally in the 130-150” range. It is proposed that the strain in the 
ring is consistent with the catalytic activity of the metallocycle. 
Introduction 
Cycle-metalladisiloxanes (I) have been found to catalyze the disproportio- 
nation of tetramethyldisiloxane (TMDS) into dimethylsilane and higher poly- 
* For Part IV see ref. 17. 
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(I) 
- nMe,SiH, + Me_,SiH (OSiPje$n OSiH Me2 (I 1 
scission of the four-membered metallocycle along line a in structure I to give a 
coordinated silylene and a silaketone (>Si=O). Since there are no reported 
structures of complexes containing the four-membered cycle-metalladisiloxane 
ring, we have determined the structure of a representative complex, hydrido- 
1,3-(1,1,3,3-tetramethyldisiloxanediyl)c~bonylbis(triphenylphosphine)~dium- 
(III), to determine if the catalytic activity of the complex has ZI-I identifiable, 
structural basis. 
Experimental 
Crystals of the iridium complex, prepared from TMDS and Vaska’s Complex 
[1,2], and grown from methylene chloride/ethanol solutions, were shown by 
axial rotation photos and counter data to be triclinic. The density indicates 
2 = 2, suggesting space group Pi(C: No. 2). This space group assignment was 
confirmed by the successful refinement. The density also suggests two mole- 
cules of ethanol of solvation per unit cell, and the solvate molecules were success- 
fully located and refined. A summary of crystal and intensity collection data 
is given in Table 1. Cell constants were determined from a least-squares fit of 
15 accuratel-f centered reflections with 20” < 26 < 25”. Intensities of the three 
standards were measured after every 50 reflections and showed no significant 
changes during data collection_ 
TABLE 1 
SUMMARY OF CRYSTAL AND COLLECTION DATA 
0, b. c (a) 
a. P. Y (0) 
v <cm3j. 2 
fxobs.j. P<==h=.j wcm3j 
Crystal dimensions (mm) 
Radiation 
Take-off angle (‘=) 
~(Mo-K,) (CIII-~) 
Transmission factors 
Scan speed (deg./min) 
Std. refIections 
2 0 limit (“) 
Reflections collected 
Reflectiors with I > 30(I) 
CZzu(lF,I- IFclj*/(No - iw)]l’* 
12.064(7), 12.470(4). 15.821(6) 
66.93(6). 105.34(7). 112.41(S) 
209X3). 2 
1.45. 1.46 
0.31. 0.21. 0.36 












During data reduction, standard deviations were assigned as follows: 
o(l) = [o,” + PV]l’* (P = 0.04) 
o,= (I + K%)l’* where B = total background counts, K = ratio of scan time to 
background time. 
o(1’) = o(l)/Lp, I’ = I/LP 
o(F) = (I’ + o(I’))“2 - (I’),‘, 
w = l/o*(F) 
The function minimized during refinement was Zw( IF01 - lF,l)*. Scattering 
factors for non-hydrogen atoms were taken from Cromer and Waber [ 31; those 
for hydrogen and the anomalous dispersion terms for Ir from the International 
Tables [ 41. 
Computations were done on an Amdahl470. Programs used during.structure 
analysis were: SYNCOR (data reduction by W. Schmonsees), FORDAP (Fourier 
synthesis by A. Zalkin), ORFFLS (least-squares by Busing, Martin and Levy), 
ORFFE (distances, angles, and ESD’s by Busing, Martin and Levy), ORTEP 
(thermal ell’.psoid drawings by C.K. Johnson), HATOMS (hydrogen atom posi- 
tions by A. Zalkin), PLANES (least-squares planes by D.M. Blow), and ABSORB 
(absorption correction by Templeton and Templeton using the algorithim of 
DeLauny and Tompa). R, = C(lF,,l - lF,l)/ClFol;R2 = (C(lFOl - lF,l)‘/ 
CzUIFOl*}l’~_ 
The structure was solved by conventional heavy atom met!lc ‘Is. The Ir posi- 
tion, located from the Patterson map, was used to phase a Fourier synthesis, 
from which the positions of all atoms except those in the phenyl rings and 
solvate could be located. These atom positions were refined once (R , = 0.28) 
and a second difference map revealed all non-hydrogen atom positions. Two 
cycles of isotropic refinement converged at R, = 0.078 and R2 = 0.106. A 
difference map at this stage revealed the ethanol solvate. Atom positions for 
the phenyl-hydrogens were calculated by taking a C-H bond length of 1.0 a 
and assuming the H atom to lie on the C-C-C angle bisector. Fixed isotropic 
temperature factors were assigned to the H atoms with a value one unit higher 
than that of the contiguous carbon. These H atom positions and temperature 
factors were then included in the atom list but not refined. Continued refine- 
ment with all atoms (except H) anisotropic converged at R i = 0.034, R2 = 0.042. 
In the final difference map, no peak greater than 0.56 e/a3 was observed except 
for two Ir residues of 1.79 and 1.61 e/a3. The hydrogen atoms on the Si-methyls 
were evident, but they were not refined because of their small contrib&cn to 
the structure and-the already large number of variables. The number ~.f variables 
was 460, giving a data/variable ratio of 9.9/l. A statistical correlation of R1 and 
R2 with various parameters, e.g. (sin 0/X)3, IF,,l, and the parity of the indices, 
showed no significant trends. 
Results 
The asymmetric unit consists of one molecule of iridium complex located 
near the origin and one molecule‘of ethanol located near the inversion center at 


























































































































































































































































































































































































































































































































































































=The form ofthetemperature factoris expE-_(h*P1I +k*P22+ r'?p33+2(hhP12~h~Pl3*~*P23))). 
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‘l’ABLE 4 
CALCULATED CELL COORDINATES FOR PHENYL HYDROGEN ATOMS AND ASSIGNha 
TEMPERATURE FACTORS 
Atom o X Y z B 
H(7) 0.295674 0.796010 0.259315 5.851309 
H<8) 0.205475 0.944183 0.233249 8.118291 
H(9) 0.140164 1.058703 0.085640 9.631595 
H(10) 0.159137 1.008711 -0.043072 8.314005 
H<ll) 0.221071 0.852452 -0.021816 7.573917 
H(l3) 0.531261 0.800253 0.035038 5.269166 
H<l4) 0.543081 0.820758 -0.119607 6.628947 
H<l5) 0.372986 0.743648 -0.216163 6.952065 
H(l6) 0.194474 0.658805 -0.165873 6.978142 
H<l7) 0.175137 0.634632 -0.007395 5.956332 
Wl9) -0.041127 0.282839 0.291866 5.852615 
H(2f-N -0.150899 0.086915 0.388918 7.147051 
H<21) -0.096735 0.035222 0.552061 8.154302 
H(22) 0.036889 0.183823 0.622001 7.387093 
~(23) 0.140324 0.380367 0.524248 5.108841 
~(25) 0.352425 0.489957 0.434598 5.487821 
H<26) 0.462041 0.573983 0.557523 7.030155 
~(27) 0.046620 0.713703 0.589563 7.688870 
H(28) 0.242414 0.769053 0.506133 7.396203 
H(29) 0.118117 0.675268 0.391640 5.782400 
H<31) 0.081438 0.522636 0.296121 4.627458 
~(32) 0.063461 0.635847 0.135303 5.435923 
H(33) -0.093072 0.726655 0.066370 6.268525 
H(34) -0.229763 0.693665 0.158290 7.296103 
H(35) -0.218023 0.576983 0.317734 7.243407 
IQ371 0.778026 0.917783 0.297505 6.748680 
H<38) 0.684285 1.036926 0.161287 6.886438 
W39) 0.490503 0.939830 0.097301 5.990002 
H<40) 0.398838 0.723395 0.169185 4.362324 
H(41) 0.494105 0.611901 0.307145 5.046452 
a Number refers to carbon atom to which the hydrogen is bonded. 
l/2, 0, l/2. The final, non-hydrogen atom positions and temperature factors 
are collected in Tables 2 and 3, respectively. The calculated H atom positions 
and assigned B values are in Table 4 *. A view of the molecule and the atom 
numbering scheme is in Fig. 1. Figures 2 and 3 are ORTEP drawings of the inner 
coordination sphere. The coordinated H atom occupies the vacant coordination 
site tram to the carbonyl. Table 5 gives the calculated bond distances and agles, 
and some least-squares planes are described in Table 6. 
(continued OR p_ 379) 
* Supplementary material: see NAPS document No. 3345 for 19 pages of supplementary material. 
Order from NAPS, c/o Microfiche Publications. P.O. Box 3513, Grand Central Station, New York. 
New York 10017. Remit in advance for each NAPS accession number. Institutions and Organiza- 
tions may use purchase orders when ordering, however, there is a billing charge of 5 5.00 for this 
service. Make checks payable to “Microfiche Publications”_ Photocopies are $ 5.00. Microfiche 
are $3.00 each. Outside the United States and Canada. postage is $3.00 for a photocopy and 
$ 1.00 for a fiche. 
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Fig. 1. ORTEP drawing of the molecule, (Ph3P)2(CO)(H)Ir(MeqSi20), showing the atom numbering 
Fig. 2. 6RTEP drawing of the inner coordination sphere and the IrSiOSi ring in (Ph3P)2(CO)(H)Ir- 
(Me@20). The hydride ligand occupies the site frans to the carbonyl. Thermal ellipsoids are at the 
50% probability level. 
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Fig. 3. ORTEP drawingofasideview oftheinnercoordinationsphere,sho~vingthepuckering of the 





































































































101.6 i 2.6 
120.0f 1.2 
~09.10<11) 
a Averagevalue.o= [C(X-F)~/(N-I)]~'~_ b Ethanolofsolvation: C-43-C-42-O-3. 
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TABLE 6 
DISTANCES OF ATOMS FROM SELECTED LEAST-SQUARES PLANES 
Plane (1) o Distance h Plane (2) o Distance b 
Ir -0.212 II 0.039 
P-l 0.065 Si-1 -0.056 
P-2 0.056 Si-2 -0.057 
Si-1 0.047 o-1 0.074 
Si-2 0.043 
o Equationsdefiningthe planes: (l)-0.677.x-0.141Y -0.722.~ + 4.978= 0; (2)4.628x -0.307 Y- 
0.715~ + 5.622= 0. b Normalto the plane. Iris displacedtowardthe carbonylin plane (l).awa~ from 
the carbonyl in plane (2). 
Discussion 
The structure consists of discrete molecules of metallocycle and an ethanol 
of solvation with only normal non-bonded distances between molecules. The 
closest intermolecular distance is 3.27 A between C-27 and O-3. 
The coordination sphere about the iridium is distorted octahedral, and the 
iridium atom is displaced out of the P2Si2 plane some 0.26 A toward the carbonyl. 
The P-h-P angle (102”) is larger than the idealized 90”, but this is not unusual 
in complexes containing bulky phosphine ligands [ 5-71. The Si-Ir-Si angle 
(64.79(7)“) is grossly compressed as a result of the small bite of the disiloxane- 
diyl ligand (see below). The carbonyl group is both canted and bent tovard 
the siloxane ring as can be seen from the average P-Ir-CO and Si-Ir-CO 
angles, 100” and 91”, respectively, and the h-G-0 angle, 172.9(4)” (see Figs. 
2 and 3). 
The Ii-Si bond distances appear to be normal. The average Ir-Si distance 
(2.41 A) is 0.03 A longer than the average Ir-P distance (2.38 A). The covalent 
radius of Si is some 0.04 A larger than that for P.as judged by a variety of 
Si-X and P-X bond lengths 181. 
Some of the more striking features of the structure are related to the strain 
present in the four-membered metallocycle. The 65” Si-Ir-Si angle is com- 
pressed 25” from the ideal, octahedral 90”; the average Ir-Si-0 angle is 97.3”, 
and the Si-O-Si angle is 99.8(3)“. The last angle represents a 30-50” com- 
pression from the normal 130-150” found for Si-O-Si angles in unstrained 
siloxanes [S]. The large Si-O-Si angle in siloxanes has been attributed to the 
effects of @--d)n bonding between silicon and oxygen, so that a decrease in the 
Si-O-Si angle suggests loss of multiple bond character in the Si-0 bond in the 
metallocycle. Consequently, the Si-0 bond should be weakened and lengthened. 
The observed SiO bond length, 1.684 2 0.008 A, is in fact somewhat longer than 
Si-0 bonds in unstrained siloxanes (Si-0 = 1.63-1.65 A) [S-lo]. The catalytic 
activity of these cycle-metalladisiloxanes may have its origin, at least ir Fart, in 
the weakening of the Si-0 bond by angle strain [1,2]. 
The Me-Si-Me planes are also canted away from the iridium atom. .I hus, 
the average Lr-Si-Me angle is 119.1 f 4” and the average 0-Si-Me angle is 
106.0 + 1.3”. The average value of the Me--Si-Me angle is 107.1 F 4” which is 
not unusual [9,10]. Thus, the internal strain in the four-membered ring is not 
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transmitted to the external C-Si-C angles. A similar observation has been made 
regarding the structures.of dinuclear complexes in which R2E (E = Si, Ge, Sn) 
groups bridge metal-metal bonds and in which the M-E-M angles are extremely 
acute (-70”) [ll]. Bent M-E bonds were postulated to explain the insensitivities 
of the R-E-R angle and J(Sn”‘-CH) coupling constants to the M-E-M angle 
deformations [ 11,123. It seems likely that the Ir-Si bonds in the present struc- 
ture are also “bent”, i.e., the maximum electron density lies outisde the Ir-Si 
axis. If the two Si-C vectors and the Si-0 vector are taken to define three 
vectors to the vertices of a tetrahedron about Si, then the remaining vertex vector 
lies about 13” off the Ir-Si axis. It may be a coincidence, but the vector from 
Ir to a vertex of an idealized octahedron centered on Ir also lies about 12” off 
the Ir-Si axis. These two idealized “bond vectors” intersect about 0.3 A off the 
Ir-Si axis at a point nearly midway between Ir and Si. Thus, the angles about 
silicon are consistent with the notion of bent bonds in strained metallocycles. 
The Ir-Si-O-Si ring is also folded along the Si---Si axis. The displacements 
of the atoms from the mean plane are given in Table 6. Such ring puckering is 
observed in most cyclobutanes and heterocyclobutanes [ 13,141, and two 
platinacyclobutanes also show a puckered ring [ 15,161. Ring puckering is 
regarded as a mechanism for relieving non-bonded repulsions between ring 
substituents, but it is difficult to see any particular non-bonded interaction in 
the Ir-W-G-Si ring which would favor a buckled ring over a planar one. 
In conclusion, the structure of the iridia-cycle-disiloxane has provided stmc- 
tural support for the proposition that ring strain weakens the Si-G bond, and 
that the relief of strain by ring scission may be the driving force for the chem- 
ical reactions responsible for the catalytic activity of these metallocycles [a]. 
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